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 Process vent stacks at the Y=12 Plent ot Ok Ridge, Tennesses are monitored cortinucusly

only smeil lcsses are involved, mecsurement ust be made fes freevent Hvenrersbelancase
fi

Choice of Probe

e ' . . . . . . . ot o Tt
on a routine bdasis for the emission of enriched uranium in solid narticulate matier. Although

. : . . . et anO
Tofyecr. sampling her bsen accemslished through the use of o tube with a 90° curved end

insertec through the wall of e exficust stack with the end pointed upsirecn, In a recent

review of inventerying metneds, plans were made fo upgrede the measures - of crack emissions
by the choice of equioment of improved design ‘- fepresentative sampling <-4 acruel evaluation

~

tesis using a stack spiking technique once such equipment was found, -

\]

The problem was complicated by the suspected, and subsequently confirmed, uneven vel ocity
and dust lcading patterns which existed even on vertical runs because of the design of the

plant exhaust installations,

Legicaliy, collecting one sample that is fepresenictive from a single point inside a stack is q
simpler and more expedient process than the collection from mulﬁ.ble Points on a crossection
in an aitempt to achieve representativeness. Some success in achieving such g sample from g ~
single point has been reported in the pgst through the use of flow-mixing devices intreduced
info the stack Upstream from the sampler, However, the heads, which must be develcsed to

maintain exhaust flow, made this approach unatiractive,

A recently reported device for o’o?cining @ confinuous representative scmple from the crossections
of circular stacks consists of g rotating manifold tube, the length of which is approximately
equal ;‘orhed:c.:mefer of the si'cétck° Muiﬂp!e—sampl ing nozzles are spaced along the length of the
tube to provide ful| coverage of the stack dicmeter., locql samples are crewn info fhe manifold
and from there into o single filter outside the stack, The principles commonly applics o traverses
for velocity deferminations are used for the location of the nozzles at the centers of czual areas of
fhe}_c»rc;ssed:_:ﬁon? A‘Rcéfc_;ﬁc;n of the unit is carried out af a low, fixed speed about the cxis of the

A FLIE

manifoldy ‘The net result is essentially o sameling along an infinite number of stack diamaters,

For our case, this design wes ruled oyt because of cost,
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rese similer to the manifold tube just describad Sys without the rofaiing feature, known qs

J
B

v
H

fhe Mraverse type" probe, was chacsen as best suited fo slant rneads, Tha design is similar to
one propesed by Haines and Hemeon ot the irdusirial Hygiene Soundetion, Pi

The probe being stationary, yet equipzed to draw simultanecus|y multisle loeal camples across

any crossection, appeared fo offer o simple, praciicc| plent device if a centinucus representative

sample could be attained,

Choice of Steck

An cperciing plant stack with uranium-free exhcust wes chosen as pilot stack, Tha inste!lation
was similar in size gnd design fo most of those which required routine meniioring,
were dry and hon=-coated so that chance adherence of impacting spike matericl ccyld be kept
to a minimum, Finally, the physical leyout was such that intreduced spike would ba directed
to about the center of the stack and immediately dispersed in the exhaust stream rether than

ot
1

lowed to sirike against stack walls before dispersion,

[$]

Choice of Snike

Particles emitted from Y-12 stacks are g mixfure of uranjum oxide, dirt, rusf, and others
chiefly dry contaminants, The overal| Vdensify falls in the fange of 7 to & grams/cc, Collected
emissions from the stacks were found to contain particles in the size range of 0.0125 to 4 microns,

and an average of aboyt 1/2 micron ,

It was Necessary that the materiq] fo serve as spike conform to the physical Properties of the
usual stack particulates as closely as possible, The material chosen consisied of a conveniently

available mixiure Of St—— uranium in carbon dyst with @ mean density of 4,7 grams/cc

and ¢ particle size range of from 0.5y to S.5u. Chemical analysis indicated about 75% uranium;

exact analyses of eqch batch used Preceeded usage in +he tests,




¢ design Pniicsophies were refeined, The chznges cams 20U in an citempt
fo incorporate whet were censidered minor imzroverents in tha €asign end 5o celect possible

resultant changes in sampling efficiency, The Prooes are shown on the first siide,
ror the first and second runs, Probe } Wwas used; for runs 3 threugh 3, Prohe 2 wes used; and
for the subssquent runs 6 through 16, Probe 3, the fraverse rake wes used, Probe daesign was
fnitially influenced by the following factors to which sampling efficiency wes considared
sensitive: jsckinetic sampling conditions, graevitationg] seftling, electrica
particulaie matter and prebe wall, and turbulence within the probe. All probes wers designed
il - * ’<. 2 I: & . - - .f:, . S MNeme :l H 1 - AT .
Yor isoxinetic samp ing at the sampling aserture ct as near lamingr Frow as possible by judicious

L\ » F - b - I U - & 3 —~ ..-_L .L, ’_.’ - _~ -
€aoice of the number of sampling nozzles gne nozzle diameter sizes ‘egeiner with changes in
*he sampling 7ate.  This aporeach wes actually somewhet tricky so that ePpreaches io the desired
cenditions rather than the absolute idec] conditions were accepted. All prebes were grounded to
avoid electrieq] attraction; the manifold was sized fo permit maximum graviiarional seitling
during cperation of 1/2 a diameter and the length of run to the filier holder was keps 1o the

fad 7 g hy

absclufe minimum

The reduction in the number of sempling holes between probes 1 and 2 was made in order to
increase the hole size while retaining the other desired conditions when 3 was feared the
smal] sampling apertyre might be acting like q filter, This, however, did ot prove to be the

case °

done in order that sampling could be achieved without the turbulent effecis possibly created by

the surface of the manifold tube itself in the Path of the stack flow,

The sample was drawn out of the stack, passed through the filter paper, through q flowmeter
ek for in correcting the flow 4m con s diss o *ha SR o rems

(with a ve. um gege fer use in cor fecting the flow to stack concitions) to the vacyum sump,

and then discharged to the afmosphere. One of fwo types of filrer Paper was used in ec ok run:

either H end Vv 70 (9 mm paper) fixed in o holder mounted on the end of the menifold e, of

-

ize) in q millipore holder,

7Pe HA Millipore Paner (0.45y nore s

efficiencies ot both pesars are cbove 979
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Prcbes were placed in the stack in ¢ northegey th position or in @0 ecst-west sositien at an upper
sampling level aboyt Sfeet below the fes of the sicck, or - & nerth-scursh position ¢ o

fower s cmpling leve] about 18 fess telow the 2 of the stack, Feo- cl runs excepi 1, 2, and 7,
the probes were cleaned before yse by washing cnd ! -ecening in 3% nitric acid for an extended

pericd of time,

Choice of Spiking Scuismens

A Schuite and Koerting No, 231 Pyrex Syphen Efecior wes used fo introcduce the :zike info
the stack, The arrangement is shown in the Second siid’e. 2510 40 15 air was -employed
—==oa
s the motive force and spike materiq] was added ot the suction inlet of the syphen ejacior.
As shown in the slide, the spike injection train was mounted on an infet sjda duct. I was so

positioned that the injected spike and motive air would be directed inio the cente
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in the stack wall for the ducf from a release point just a few inches upsirecm,

Testing Details and Sample Preparation

To start g run, the total stack tlow was determined and the samp! ing train was activated,

The starting sample flow rate and vacuum were nofed. The spike was added mcnuc}/&/ over g

. %Jf hd

7 10 22-minyte time period, The amount of spike added waried from run to runm

party (a& Ceuu,‘,zf proclecce fmm t ‘Mdnuum 1
st At the completion of a run, about } 0 grams of urcmum—fdree _qucrrz: e sand

were injected for equipment cleanout Purpcses and the fing] sample flow rate and the vacuum .

were noted,

The samples collected fell into three categories:

i. Collections in the filter paper,

2. Smear samples: the deposit on the inferior surface of filter paper holder was manually
rubbed off by using H and V filier papers,

3. Retainage inside the probe.

The filter PApSr, once removed from the holder, waqs leached in b ooifing 30 wr o nitric qc id unti]
the pager was rhoroughly digested. Filter; ng followed to remove the undissolved shreds of paper,
These shrecs were then repeatedly washed wi+ nitric acid and water : *O ensure complere urenium

removal, The vsashings were returned o the mother liguer, and *he ¢ woined solutics vyes cenf fo

the laboratory for urenivm analysis, 4 similer frearmans en -
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were made by measurement of the rediant ensrgy (r’fuorescence) irom pellets of fused NaF

seilets and uranium. The emitted radiant energy Is propertionc! fo she urenium content. The

1

cnaiysis is relichle to very low samnle concentraticrs,

Compurations for total stack emission were mecs by multiplying the sermz.e ceich by the ratio of
sample flow to stack discharge rate. The sample flows before and after fhe fast were ind
ccrreciad to cimospheric sressyre ard than avercged befere computing the rafio faor each run,
As the initial step in the procuremens of the semple of Particuiare moriar- rermaining

robe interior, the outside had to be cleaned uniii it was thcroughly free of vranivm.  This was

e

~

< ccid followed by tep water

no*
H

Gccomplished by two or three brisk manyql appiications of dilyse i

and distilled water washings, When the extericr cleaning was finished, the probe was submerged

with occasiona] agitation for g minimum of 12 hours in g narrow=dicmerer bottle coniaining about

3-1/2 galions of 5% nitric acid,  Upon remova] from the soluiion, the tuse was washed with

Predn

distilled water, and the washings were added to the 3-1/2 gallons, The soiution wes then bojled

down to about 2 liter to brin up the concenfration for laborato analysis,
g up _ ry Y

Resulis

ccilections on the filter peper for each of the individua] test funs are shown in

e
“he 8 slide versus the sample fheoreﬁca”y expected if the sampling were yreg::

" -
o :
vocaily .,
!

répreseniative, |Ir the interests of simplicity, the test conditions for ecch fun are not shown.,

1

Nevertheless the =lot speaks for itself: the torq] sample expected did po: reach the filter paper

mounted on the exterior of the stack customerily used for determination ¢ _-qck lessas,

During the progress of the experiments, it wes found necessary to adjust the sample Flow rate

[

in order fo maintain design conditions. Changes in the flow rates, the spiking rate, the

motive air pressure, and the mean conceniration of spike material in the exhaust M"

u'PG#-evg-ﬁ-,).produced no discernable frends. In all cases the theoretical sample collection for
@ run was computed based on the @mount of spike and the average flow rates for the run with all

flows corrected to stack conditions,

A

The test deoy h%3 bean Summarized for the other test cenditions in Slide4 in ferms cf the
perceriage of the thecretical collection actually found in the filter paver, The results ar

s . L. ‘e . re ol -
shown when diere s srebe focations or different filter Papers are used, cnd when fesh are added

The collection percentage realized aciualiy resresents the cReration efficiency




‘The “est efficiencies ranged befween 12 and S8% with the overal] at 23%

in wiich probes with holes rather than feeth wers used, the amount colleciad was 179% -
corsideradly less than the overail avergge,
miilipore peper wes 22%; for runs using H and V 70 paper, 29%. The amounts coliected for
ail the runs of the upper level avercged essenticlly ths same as those for the runs ot the lower

fevel,

[

For the mest part, smear samples showed low uranium cenvent, As a resyi:, ey are not

consicc -zd as being of much more than academic inferest., However they were hencdlsd in

the rest of the tests that followed,

At this point it was undertaken to determine whet happered o the resi of

he samsle

b

expected. Material balances were made for several of the runs by totciling the amoonis

s,

coliected in the fijter Paper, on the smears, and jnside the tcothed prebes cnd comzaring

the result with the theoretical sample collection, The results are shown in Sa’.?de_5. Chviously,
much of the expected semple can be accounted for by the retainage inside the probe. Balance
closures for the various funs ranged from 4 to 167%, byt only a few balances closed peorly,

The overal] closure is with 24%,

It wes felt thes stpport tesis for the previous work were called for, in order to:
I. Assure that the ful} amount of the injected spike was pessing the sampling levels and
i | g :

thus available to the inserted test probes,

2. Determine if there are an major changes in particle sizing as the material passed up the
. 4 i S i S

. .

stack. In such an eventuality, efficiency results could be biased,

3. Demonsirate whether the experimental facts would be borne up by field exczrience,

"Inside - stack™ probes were used fo examine the firss point. A typical experim

anc the data collected as shown on Sh’deéo For each run, two of these srobes were mounted

K (S

at about the seme level at right angles to each other so that five sampling zzrts wers in operation,

designed to draw off S samples from the centers of 5 equal areas. The un- <» sempling level in the

g

test sicek was used for all these runs.

*

Two vacuum Pumps were used with each prese inerdes -
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sample nozzles under condi tons as.isckinetic as nsossisle. AL

meunted in the filse;
were the same cs for #h

cid not difer Ly meore than &

ST
o 3 oy
i LGN Col70

A particl

¢ size distribution analysis for both

the injecied spike and filz
duii l"g one of th

e spike tesis was made using elecs
5 Slide Noa}° The mat
carticles in+

that the

fronmicroscopic methods, The se

ericl in the sample is somewhat smaller, sy oest

hé stack stream and/or a {oss of the larger Dar.xc’es insic

size differences found were easily explained by

st results in

5 © breckup of
3 i

It waes felt
wil

mechcmsms R
v

! not bics the
a major manner.

Some routine collection data by the traverse rake=type pro!ﬂe in iwo regular plant stecks are
shown in Slide Although the total uranium pai

ticulate flows
the relation between 1

vs in the sio

C.\S wera um<nuwn,

he collection of sample in the filter paper v
1

ersus the amount retained
inside the probe could be determined for compariscn vivh - The new tests
were run for long periods of time ranging from 30

were taken daily and the probe was cleaned at h

ne end of the tess,
the material collected on the daily

o 83 day:. Filter Pagers and smear samples

Under such circumss fances,

filter paper semples varied from 16 to 5] % but averaged 31%

of the total amount obtajne:’ and cleaning of the

< from filter paper, smecrs,
compared to about 289

probe interior as
in the experimental runs.



In summation, the traverse rake~type srebe resresented whet wes felt to be @ practical,

-
h H

superior device, easily cdaptable o an existing plant insiailation for the measurement of

stack lesses. The probe ook Tepresenictive samples during the tess, yei only a portion of

the amount entering the probe reached the sample oulsi

de the stack.,

Unfortunately, therefore, use of this probe is subject o nirfalls in spite of the intent of the

i
R &

design. Field tests should prece=d ifs application in any siiuation,
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